Abstract. In the paper the designing project 
Introduction
The total volume of traffic carried in broadband IP network is determined by the usage of different applications implemented in the network. All services offered to the users in the highest technology network impact on the one hand on the network layers realization and on the other one on income gained from network operation.
Starting with 2008, Cisco has issued three successive reports [1, 2, 3] countries [10] .
Currently, the broadband networks, co-financed with the European funds, are starting to be deployed in many different regions of Poland. In previous financing period, that has took place in years 2004÷2006, the only Kujawsko-Pomorskie region broadband network, has been successfully implemented [9] . In current fi- • all Europeans have access to much higher internet speeds of above 30 Mbps,
• 50% or more of European households subscribe to internet connections above 100 Mbps. • FTTB -Fiber to the Building, usually a multi-tenant building, with Digital Subscriber Line (DSL) or Ethernet delivered to each subscriber.
• FTTC -Fiber to the Curb, typically with some form of DSL connecting to the subscribers.
• FTTN -Fiber to the Node, typically with ADSL2+ or VDSL2 from an OutSide Plant (OSP) cross-connect to the subscribers.
• FTTP -Fiber to the Premises, where the premises could be a business or a residence. The network project (network plan) required to define, at the beginning topology of the network, but the network topology has been followed from Tuchola County Authorities requirements.
One of the main requirement from Tuchola County Authorities was that each node of the network should be lo- For estimation of global bandwidth demands it has been assumed that the following public institutions will be connected to Tuchola County broadband information network:
• Primary schools, gymnasium, secondary schools, other educational institutions.
• Hospitals and health institutions.
• Police and municipal police.
• Fire departments.
• Commune and district offices.
It has been assumed that all educational, local government and health institutions, as well as police and fire departments, municipal and community offices are predicted to have an access to the broadband network. The topology of cable ducts for Tuchola County broadband network, both for backbone as well as for access is depicted in Fig. 3 .
In Fig. 4 the connection structure for TCBN network has been depicted. is easy however to connect each parish node directly to backbone one. From Fig. 3 follows that total length of all cable ducts for TCBN is equal to 266,9 km, where:
• the length of backbone layer network is equal to 116, 9 km,
• the length of all connections to parishes is equal to 139 km,
• the length of ducts in Tuchola is equal to 11 km.
The project of the passive physical network layer (fiber optic network) involves the construction of the network using Modular Cable System (MCS) technology with the usage of one pipe equipped with three micro pipes. The assumptions about the construction of passive infrastructure are as follows:
• The fibers optical cables are done based on the MCS system.
• MCS cables (pipes) that are used for network construction are suitable for digging directly in the ground. Every pipe is equipped with 3 micro pipes.
The fiber cable can be blown into each of micro pipe.
• In the first stage of project implementation to one of three micro pipes fiber cable is blown. The cable contains 96 fibers on the basis of 8 micro cables with 12 fibers in each micro cable.
• For network transmission capacity extension in the future, at each 1 km cable distance the cable bunkers are placed.
For estimation in rural area of investment cost of 1 km MCS cabling infrastructure it has been assumed that:
• Excavation for the cables -24,0 thousands PLN.
• Cost of cable including MCS cables -9,0 thousands PLN.
• Optical cable with 96 fibers -11,0 thousands PLN. • Cabling bunkers -2.0 thousands PLN.
• Welds -2,5 thousands PLN.
• Measurements -1,0 thousand PLN.
• Project -6,5 thousands PLN.
• Fibers tray -1,0 thousand PLN.
• Accessories -0,5 thousand PLN.
Prices used for estimation of 1 km MCS investment cost were taken as an average of prices from different companies that build optical cabling network.
The total cost of 1 km of optical fiber in rural area was estimated on the level of 60 thousands PLN, so the total investment cost of Tuchola County Optical Network passive infrastructure has been calculated and was equal to 15.354 thousands PLN.
Topology of Tuchola City Optical Network
The TCBN project contains also separate project for Tuchola City, i.e. the city that is the capital of County. As it was in the case of TCBN, the optical network in Tu- To be able to realize the topological structure of Before the necessary choice of the equipment it is essential to evaluate the total volume of traffic generated in Tuchola City network. The traffic in this network has been calculated in accordance with the procedure outlined in the paper [12] . For traffic evaluation the following assumptions has been taken:
1. around 20% of all households in Tuchola city will be connected (via ISP networks) to planned Tuchola City Network. Average capacity of user access line will be 6 Mb/s; 2. around 15% of total number of SME companies (Small and Medium Enterprises) will be connected to planned network. Average capacity of business user access line will be 20 Mb/s; 3. all educational institutions, government, and local government agencies, health care, police department, fire department, municipal and county offices will be connected to designed network. Average capacity of access line for institutional users will be 10 Mb/s; 4. overbooking factor is assumed as:
• 20 for residential users,
• 10 for business user; Taking into account the assumptions presented above, the total volume of traffic generated in Tuchola City has been estimated equal to 700 Mb/s.
Active infrastructure for Tuchola County Broadband Network
In TCBN network the same active equipment has been used. Before the concrete active equipment has been chosen there was made necessary calculation to evaluate equipment efficiency (performance) in the sense of total traffic volume served in the network. The total traffic volume generated in TCBN network has been made according to the procedure proposed in [12] .
As an active equipment option for TCBN network, MPLS protocol ensures traffic switching into protecting path in the case of working path failure.
• Each backbone node is equipped with 24 optical ports with 1 Gb/s capacity, through which these nodes are connected to lower level access nodes, lo- • In access nodes the switches are equipped with one 1 Gb/s optical port (for connection with backbone node) and at least 6 wire ports (for user connection)
with capacity 1 Gb/s.
• It has been assumed that active equipments of back- 
Conclusions
The paper is devoted to the designing project (plan) of Tuchola County Broadband Network (TCBN). In the paper, Total network investment cost in Tuchola County is estimated on 15,2 million PLN.
